Metabolic sources of hydrogen peroxide in aerobically growing Escherichia coli.
Exposure of cells to hydrogen peroxide (H2O2) mediates adaptive responses or oxidative damage, depending on the magnitude of the challenge. Determining the threshold for peroxide-mediated oxidative stress thus requires quantitation of the changes in endogenous H2O2 production. The intracellular steady-state concentrations of H2O2 were measured in intact Escherichia coli under different conditions. Compounds that block electron transport at NADH dehydrogenase (rotenone) or between ubiquinone and cytochrome b (antimycin) showed that univalent reduction of O2 can occur at these sites in vivo to form superoxide anion (O2-), in agreement with reports for mammalian mitochondria. Mutational inactivation of different components of the respiratory chain showed that H2O2 production also depended on the energy status of the cell and on the arrangement of respiratory chain components corresponding to particular growth conditions. Production rates for O2- and H2O2 were linearly related to the number of active respiratory chains that reached maximal values during exponential growth. In the strains defective in respiratory chain components, catalase activity was regulated to compensate for changes in the H2O2 production rates, which maintained intracellular H2O2 at 0.1-0.2 microM during aerobic growth over a wide range of cell densities. The expression of a katG'::lacZ fusion (reporting transcriptional control of the catalase-hydroperoxidase I gene) was increased by H2O2 given either as a pulse or as a steady production. This response not only depended on the type and severity of the stimulus but was also strongly influenced by the growth phase of the cells.